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MATERIAL MIXTURES FOR HEAT STORAGE SYSTEMS 



AND PRODUCTION METHOD 



Background of the Invention 



Field of the Invention 



The invention relates to mixtures of a phase change material 
and particulate expanded graphite, to heat stores containing 
10 mixtures of this type, and to processes for producing them. 



Phase change materials (PCMs) are suitable for storing thermal 
energy in the form of latent heat . The term phase change 
materials is understood to mean substances which undergo a 

15 phase transition at a given temperature when heat is supplied 
or removed, for example a phase transition from the solid 
phase to the liquid phase (melting) or from the liquid phase 
to the solid phase (solidification) , such as the pairing ice 
and water at the freezing point of the latter. It is 

20 preferable for their volume-specific enthalpies of transition 
at the corresponding temperature to be over 100 KJ/dm 3 . German 
patent application DE 100 18 938 describes phase change 
materials which undergo a phase transition without changing 
their state of aggregation, specifically a transformation 

25 between a solid low- temperature modification and a solid high- 
temperature modification. If heat is supplied to or extracted 
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from a phase change material, its temperature when the phase 
transition point is reached remains constant for a sufficient 
time for the material to be completely converted into the 
other modification. The heat content that is fed in or 
5 dissipated during the phase transition and does not effect a 
temperature change in the material is referred to as latent 
heat (enthalpy of transition) , while heat which is fed in or 
dissipated and does cause a temperature change in the material 
is referred to as sensible heat. 

10 

The storage of heat as latent heat in a phase change material 
is advantageous for the following reasons: slight temperature 
changes (in the vicinity of the phase transition temperature) 
allow large amounts of heat to be stored, while the fact that 

15 the temperature is constant for a prolonged period of time 
during the phase change makes it possible to smooth out 
temperature fluctuations at the transition temperature of the 
phase change material in question, and heat losses to the 
environment are only low compared to the storage of sensible 

20 heat, since in the latter case the temperature difference with 
respect to the environment rises continuously as a result of 
the heating of the storage medium. 



One drawback for the practical use of phase change materials 
25 in heat storage devices ("latent heat storage devices'') is the 
fact that the thermal conductivity of these materials is 
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usually low. Consequently, these heat storage devices are 
charged up and discharged relatively slowly. 

The charging and discharging time of latent heat storage 
5 devices can be reduced if the phase change material is 

introduced into a porous body which contains a matrix made 
from a material with a high thermal conductivity. For example, 
it has been proposed in German patent application DE 196 30 
073 to impregnate a porous matrix of graphite in vacuo with a 

10 "solid-liquid" . phase change material which is in the liquid 
phase. According to the terminology for composite materials 
proposed by the society of German engineers, VDI (Verein 
deutscher Ingenieure) , a latent heat storage device of this 
type belongs to the group of "Durchdringungs-Verbund- 

15 werkstof f e , " which may be translated as penetration composite 
materials (Lexikon Werkstof ftechnik [Materials Science 
Dictionary] , Ed. H. Grafen; VDI Verlag Diisseldorf 1993) . 

The impregnation can be effected by immersing the porous body 
2 0 in a liquid phase change material, by applying reduced 

pressure to the porous body and then relaxing the pressure or 
by applying excess pressure during contact with the phase 
change material, referred to below as the immersion, vacuum or 
vacuum-pressure methods. The simple immersion method can only 
25 be used if the phase change material wets the matrix of the 

porous body. Vacuum or vacuum-pressure impregnation have to be 
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used if the phase change material does not wet or scarcely 
wets the matrix of the porous body. 



However, the production of latent heat storage devices with an 
increased thermal conductivity by introducing a phase change 
material into a thermally conductive matrix by means of 
impregnation has significant drawbacks: for the impregnation 
operation, the phase change material has to be in the liquid 
phase and it is scarcely possible to add solid auxiliaries, 
such as for example nucleating agents, a high outlay in terms 
of time and equipment is required for impregnation with phase 
change materials which do not greatly wet the matrix, or else 
it is impossible to produce a composite with a sufficiently 
high phase change material content and a low pore content, the 
composition of some phase change materials, for example salt 
hydrates, may change when a reduced pressure is applied, so 
that they cannot be used as latent heat storage device 
material, and the shaping of the latent heat storage device is 
restricted to shapes in which the porous body which forms the 
matrix can be produced. 



It has been proposed in the published patent application US 
2002/0016505 Al to add an auxiliary which has a high thermal 
conductivity, for example metal powder, metal granules or 
graphite powder, to the phase change material. Specifically, 
Example 2 of the above patent application describes 2 g of 



didodecylammonium chloride as phase change material being 
milled together with 2 g of synthetic graphite KS6 and pressed 
to form a shaped body. The advantages of this procedure 
consist in the variable shaping using economic compacting 

5 processes which can be used on a large industrial scale, e.g. 
tablet formation or extrusion, and the possibility of 
processing solid phase change materials and phase change 
materials with solid additives, e.g. nucleating agents. 
Alternatively, application as a bulk material in a latent heat 

10 storage device vessel interspersed with heat exchanger 
profiles is possible. 



A latent heat storage material in accordance with US 
2002/0016505 Al would, according to the terminology proposed 
15 by the above-noted society of German engineers, VDI , be 

regarded as a particle composite material, since discrete 
particles of one component are incorporated into another 
component . 



20 Unlike with the graphite matrix impregnated with the phase 
change material described in DE 196 30 073, however, the 
particles of the thermally conductive auxiliary in mixtures 
with phase change materials do not necessarily form a 
conductive framework which encloses the phase change material 

2 5 Therefore, in the latter case the thermal conductivity of the 
latent heat storage material is inevitably lower. A 
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significant drawback when using metal chips or synthetic 
graphite powder as thermally conductive auxiliaries therefore 
consists in the fact that relatively high quantities of the 
thermally conductive auxiliary are required if the thermal 
conductivity of the latent heat storage material is to be 
significantly increased (cf . the above example from US 
2002/0016505 Al) . This reduces the energy density of the 
latent heat storage device. 



10 Summary of the Invention : 

It is accordingly an object of the invention to provide a 
composition for a heat storage device which overcomes the 
above-mentioned disadvantages of the heretofore-known devices 
and methods of this general type, i.e., to provide a latent 
15 heat storage material with a high storage capacity based on a 
phase change material which has an increased thermal 
conductivity, so that faster charging and discharging of the 
latent heat storage device is possible, and which can be 
produced without the drawbacks of the impregnation process. 

20 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a material 
mixture, comprising an amount of a phase change material and 
an amount of particulate expanded graphite mixed with the 
25 phase change material. 
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in other words, the objects of the invention are achieved with 
a mixture of expanded graphite in particle form and a phase 
change material. Surprisingly, it has emerged that even 
relatively small volumetric amounts of particles of expanded 
graphite can achieve a significant increase in the thermal 
conductivity of the heat storage material. The rise in the 
thermal conductivity of a heat storage material containing 
expanded graphite in particle form as a thermally conductive 
auxiliary is surprisingly higher by a multiple than the 
increase in the thermal conductivity of a phase change 
material containing a corresponding proportion by volume of 
synthetic graphite. 



The production of expanded graphite and products made from 
L5 expanded graphite is known from U.S. Patent No. 3,404,061. To 
produce expanded graphite, graphite inclusion compounds or 
graphite salts, e.g. graphite hydrogen sulfate or graphite 
nitrate, are subjected to sudden (shock) heating. The so- 
called expanded graphite product which is formed consists of 
20 aggregates in worm or concertina form. The bulk density of 
expanded graphite product is in the range from 2 to 20 g/1, 
preferably from 2 to 7 g/1. 



By compacting this expanded graphite product under pressure, 
25 it is possible to produce self-supporting graphite foils or 

plates which are currently used primarily as sealing material, 
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without having to add binder. If compacted or «precompacted" 
expanded graphite product of this type is comminuted with the 
aid of cutting, impact and/or jet mills, a powder or chopped 
product comprising precompacted expanded graphite product is 
obtained, depending on the degree of comminution. The bulk 
density of the powders produced in this way is typically in 
the range from 60 to 200 g/1. These powders can be mixed 
homogeneously in a fine distribution into press compounds. 



10 Alternatively, it is also possible for expanded graphite 
product to be comminuted directly, e.g. without prior 
compacting, to form a powder which can be mixed into press 
compounds . 



15 



Powders or chopped products made from compacted expanded 
graphite product can be reexpanded if this is required for 
further use. A process of this type is described in U.S. 
Patent No. 5,882,570. This results in what is known as a 



reex 



panded graphite powder (reexpanded product) . 



20 



25 



in the context of the description of the present invention, 
the term "expanded graphite" is used as a collective term for 
(i) expanded graphite product, (ii) powder or chopped product 
obtained by comminution of compacted expanded graphite 
product, (iii) powder obtained by comminution of expanded 
graphite product, and (iv) reexpanded product produced by 
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reexpanding comminuted, compacted expanded graphite product. 
All forms (i) to (iv) of the expanded graphite are suitable 
for use as a thermally conductive auxiliary in latent heat 
storage materials according to the invention. The expanded 
graphite product has a bulk density of from 2 to 20 g/1, the 
comminuted expanded graphite product has a bulk density of 
from 20 to 150 g/1, the comminuted, compacted expanded 
graphite product has a bulk density of from 60 to 200 g/1, and 
the reexpanded, compacted expanded graphite product has a bulk 
density of from 20 to 150 g/1. 



All phase change materials which are inert with respect to 
expanded graphite in the range of useful temperatures can be 
employed in the heat stores according to the invention. 



15 
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Suitable phase change materials are in particular those with a 
phase transition temperature in the range from -100°C to 
+500°C, for example paraffins, sugar alcohols, gas hydrates, 
water, aqueous salt solutions, salt-water eutectics, salt 

0 hydrates and mixtures thereof, salts and eutectic mixtures 
thereof, alkali metal hydroxides and mixtures of salts and 
alkali metal hydroxides. The phase change material is selected 
according to the temperature range in which the latent heat 
storage device is used. Auxiliaries, e.g. nucleating agents, 

>5 are added to the phase change material as required in order to 
prevent supercooling during the solidification process. 
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The advantages of the heat storage systems according to the 
invention which contain expanded graphite over a heat storage 
system containing the same amount by volume of synthetic 
graphite can be attributed, inter alia, to the particular 
quality, structure and morphology of expanded graphite. 
However, the invention is not tied to this specific 
explanation. 



The crystal structure of the expanded graphite corresponds far 
more closely to the ideal graphite layer plane structure than 
the structure in the more isotropic particles of standard 
synthetic graphites, and consequently the thermal conductivity 
of the expanded graphite is higher. Further characteristics of 
the expanded graphite are its microporosity and the high 
aspect ratio of the particles. 



On 



account of the microporosity and the shape of the 



particles, the specific surface area (determined using the BET 
method) of expanded graphite is greater than the specific 
surface area, determined using the same method, of synthetic 
graphite of similar particle size. For example, the synthetic 
graphite KS6 produced by Timcal which is used in Example 2 of 
the above-noted US 2002/0016505 Al has a specific surface area 
of 20 m 2 /g with a level of over 90% of particles whose (mean) 
diameter is less than 6 \lm. In the case of expanded graphite 
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with a mean particle size of approx. 5 |im f the specific 
surface area, determined in accordance with the BET method, is 
typically between 25 and 40 m 2 /g. Although the BET surface 
area of the expanded graphite decreases as the diameter of the 
5 particles increases, it remains at a relatively high level. 
For example, expanded graphite with a mean particle size of 5 
mm still has a BET surface area of more than 10 m 2 /g- Expanded 
graphite with mean particle sizes in the range from 5 Um to 5 
mm is suitable for the production of a heat store according to 
0 the invention. Expanded graphite with a mean particle size in 

the range from 5 Um to 5 mm, particularly preferably in the 

range from 50 um to 1 mm, is preferred. 

The high specific surface area of the expanded graphite in the 
L5 heat stores according to the invention causes the available 
surface area for the heat transfer between phase change 
material and thermally conductive auxiliary incorporated 
therein to increase. Furthermore, the porous surface of the 
expanded graphite particles has the advantage that the phase 
20 change material is held securely in the pores after the 

transition to the liquid state, so that it is impossible for 



any 



material to escape from the heat store. 



The porous structure of the expanded graphite additionally 
25 causes the phase change material in combination with expanded 



-11- 



graphite to be in a state similar to that of an encapsulation. 

As a result, macroscopic segregation phenomena within the 

phase change material are as far as possible suppressed. 

Therefore, in the heat stores according to the invention it is 
also possible to use phase change materials which are 
otherwise unsuitable for use in latent heat storage devices on 
account of the fact that they are highly prone to segregation 
phenomena . 



LO Materials for heat stores to which particles (powder or 

chopped product) formed from comminuted graphite foil have 
been added as thermally conductive auxiliary have thermal 
conductivities of the same order of magnitude as latent heat 
storage materials with a corresponding proportion by volume of 
15 uncompacted expanded graphite product . The use of comminuted 

graphite foil as thermally conductive auxiliary in heat stores 
is economically particularly advantageous, since in this way 
it is possible to make use of waste from the production of 
objects made from graphite foil, for example seals. A further 
20 advantage of the powders or chopped products made from 

comminuted graphite foil consists in the fact that these 
particles can be mixed more easily into the phase change 
material compared to expanded graphite product, since they are 
less bulky than expanded-product particles. On the other hand, 
25 however, it is also possible to reexpand the particles 

obtained by comminution of graphite foil again and for the 
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reexpanded graphite powder (reexpanded product) to be used as 
the thermally conductive auxiliary in heat stores in 
accordance with the invention. 

The expanded graphite forms from 5 to 40%, preferably from 5 
to 20%, and particularly preferably from 7 to 15%, by volume 
of the heat stores according to the invention. A lower 
volumetric content of expanded graphite is relatively 
ineffective, since the graphite particles are then 
substantially isolated from one another. Moreover, a 
volumetric content of less than 5% is not sufficient to 
achieve the above -described effect of encapsulation and in 
this way to prevent segregation phenomena from occurring 
within the phase change material. If the volumetric content of 



graphite were to be higher, the advantage of the increased 
thermal conductivity would be overcompensated for by the 
reduction in the energy density of the store, since the 
increase in the graphite content is to the detriment of the 
heat -storing phase change material content. 



The invention also relates to a process for producing the 
mixtures of phase change materials and expanded graphite, to 
the shaping of these mixtures and to the processing to form 



heat stores and their use form. 
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in the mixtures according to the invention which are used as 
heat storage material, there is an intimate interconnection of 
phase change material and expanded graphite incorporated 
therein, so that heat transfer between the two materials is 
5 readily possible. This intimate mixture of phase change 
material and expanded graphite is achieved by mixing the 
powders of the constituents using suitable mixing processes, 
for example stirring, mixing in a powder mixer, kneading or 
rolling. Phase change materials with a solid-liquid phase 
10 change can also be mixed with expanded graphite when they are 
in the liquid (molten) state. The mixtures do not have any 
inhomogeneities which can be detected without technical 



equipment . 



15 



20 



25 



The mixing of phase change material and thermally conductive 
auxiliary is particularly advantageously carried out by means 
of the preparation processes which are known from plastics 
technology for the production of compounds, e.g. kneading and 
subsequent granulation. Preparation by means of an extruder, 
for example a twin-screw extruder, is particularly preferred. 
The advantage of this process consists in the fact that the 
phase change material is melted. On account of the continuous 
mixing of the graphite into the liquid phase of the molten 
phase change material, it is possible to achieve a greater 
degree of homogeneity than with a powder mixing process. In 
this way, it is also possible in particular for phase change 
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materials with a solid-liquid transition at particularly high 
transformation temperatures (300°C to 500°C) to be intimately 
mixed with the expanded graphite. 



The latent heat storage materials according to the invention 
can be used as a bed of bulk material or as shaped bodies. 



10 



15 



20 



25 



Shaped bodies which can be used as heat stores can be 
manufactured from the heat storage material according to the 
invention, by shaping processes using pressure which are known, 
for example, from plastics technology, such as extrusion, 
pressing and injection molding. Powder mixtures can be 
compacted, for example by shaking, shaping with a jolting 
molding machine (also referred to as jar-ram molding or jolt 
ramming machine), and pressing. Depending on the production 
process, these shaped bodies may have a highly anisotropic 
thermal conductivity. This property should be taken into 
account in the design of the shaped body. The shaped body is 
preferably arranged in such a way that the direction with the 
higher thermal conductivity is toward the desired heat 
transfer, i.e. is oriented toward a heat exchanger profile or 
an object whose temperature is to be controlled. For 
applications in which this is not feasible, it is 
alternatively possible to use a bulk bed of the latent heat 
storage material according to the invention, which is 
introduced into a latent heat storage vessel interspersed with 
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heat exchanger profiles. For this use variant, the latent heat 
storage material is provided as a mixture in powder form or as 
free- flowing granules. 



The process according to the invention for producing heat 
stores makes it possible to use various types of phase change 
materials. The phase change may be either a transition between 
the liquid phase and the solid phase or a transition between 
different solid phases. The phase transition temperatures of 
the phase change materials which are suitable for the latent 
heat storage material according to the invention lie in the 
range from -100°C to +500°C. When using phase transition 
temperatures of over 500°C, increased care has to be taken to 
protect the graphite from oxidative attack from atmospheric 
oxygen . 



A further advantage of the process according to the invention 
for producing heat stores over the infiltration process 
described in German published patent application DE 196 30 073 
consists in the fact that nucleating agents can be added to 
the phase change material in order to prevent supercooling 
during solidification. The nucleating agent should form no 
more than 2% by volume of the latent heat storage material, 
since the volumetric content of the nucleating agent is at the 
expense of the volumetric content of the heat -storing phase 
change material. Therefore, it is necessary to use nucleating 



agents which significantly reduce the supercooling of the 
phase change material in even a low concentration. Examples of 
nucleating agents which are suitable for the sodium acetate 
trihydrate system are tetrasodium diphosphate decahydrate and 
sodium hydrogen phosphate. 



The heat storage materials according to the invention can be 
used in heat stores for example for controlling the 
temperature of buildings, for the air-conditioning of 
vehicles, for the cooling of electronic components or for the 
storage of solar heat . 



Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 



Although the invention is illustrated and described herein as 
embodied in mixtures for heat stores, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 



The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments and examples. 
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Descri ption of the Prefe rred Embodiments: 
Example 1 

Commercially available graphite hydrogen sulfate SS3 (Sumikin 
Chemical Co., Ltd; Tokyo, Japan) was shock-heated to 1000-C. 

5 The expanded product obtained in this way had a bulk density 
of 3 to 4 g/1. Some of this expanded product was compacted to 
form a graphite foil with a density of 1 - 0 g/cm 3 . The graphite 
foil was comminuted using a cutting mill, and the chopped 
product obtained was comminuted more finely in a further step 

10 using a jet mill. A screen analysis of the expanded graphite 
powder produced in this way showed that 50% of the particles 
of the powder were smaller than 180 um and 95% of the 
particles were smaller than 600 um. The bulk density of the 
powder was in the range from 100 to 120 g/1. 



15 



20 



25 



Then, mixtures of the phase change material sodium acetate 
trihydrate (Merck, Darmstadt, melting point 58°C, in powder 
form) with 10% by volume of expanded graphite product or 10% 
by volume of the powder obtained by milling graphite foil were 
produced. Expanded graphite and the phase change material in 
powder form were mixed using an anchor agitator until no 
inhomogeneities were visible without the use of technical 
equipment. The mixtures obtained in this way were preheated to 
50°C and pressed under a pressure of 25 MPa to form 
cylindrical shaped bodies with a diameter of 90 mm and a 
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height of 10 mm. The thermal conductivity of the latent heat 
storage materials obtained in this way was measured parallel 
and perpendicular to the direction of pressing. The phase 
change material was in the solid state during the measurement 
of the thermal conductivity. The measurement results are 
compiled in Table 1. 



comparative Example to Example 1 

The process from Example 1 was repeated, but the synthetic 
10 graphites KS6 and KS150 (Timcal, Switzerland) were used 

instead of the expanded graphite product or the powder formed 
from comminuted graphite foil . According to manufacturer 
details, the mean particle size is 3 to 4 urn in the case of 
KS6 and approx. 50 nm in the case of KS150. Mixtures of the 
15 phase change material sodium acetate trihydrate with 10% by 
volume of KS6 or 10% by volume of KS150 were produced and 
pressed into shaped bodies in the same way as in Example 1. 
For further comparison with the latent heat storage material 
according to the invention, a shaped body was likewise 
20 produced from the pure phase change material sodium acetate 
trihydrate . 



25 



The thermal conductivities of these comparison materials were 
measured parallel and perpendicular to the direction of 
pressing, in the same way as in Example 1. The phase change 
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material was in the solid state during the measurement of the 
thermal conductivity. The measurement results can be seen in 



Table 1 . 



Example 2 



Analogously to Example 1, a mixture of sodium acetate 
trihydrate, milled graphite foil and tetrasodium diphosphate 
decahydrate was produced and pressed. The individual 
substances formed 89, 10 and 1% by volume of the mixture. 



A sample of the pressed, homogenous mixture was heated to 70°C 
in a DSC apparatus (TA instruments) and then cooled again to 
room temperature. During this temperature cycle, the heat flow 
was measured. This operation was repeated a number of times. 
The heating and cooling rate was 0.25 K/min. For comparison 
purposes, a specimen of pure sodium acetate trihydrate was 
analyzed using the same temperature program. The peak 
temperatures from the DSC curves are given in Table 2. 



As shown in Table 2, the specimen of pure sodium acetate 
trihydrate did not solidify during cooling. Therefore, no peak 
which can be assigned to the melting operation was found 
during the heating segment of the subsequent temperature 
cycle. This was not the case with the mixture of sodium 
acetate trihydrate, milled graphite foil and tetrasodium 
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diphosphate decahydrate. In this case, the DSC curve had a 
peak caused by the melting operation in the heating segment 
and a peak caused by the solidification operation in the 
cooling segment. The measurable supercooling in this specimen 
was in the range from 5 to 7 K, while with the pure phase 
change material supercooling of more than 30 K was recorded. 



10 



Example 3 



The phase change material Paraffin RT50 (Rubitherm, Hamburg) 
with a melting point of 54.5°C and an addition of milled 
graphite foil chopped products were mixed in a twin-screw 
extruder ZSK 50 (Werner und Pfleiderer) in the molten state 
and then granulated. The graphite formed 10% by volume of the 
granules. Mixing was carried out in accordance with the 



15 following parameters: 
Screw rotational speed 



Resistance : 



97 min 



17% 



-l 



Outlet temperature: 
Material pressure: 
2 0 Delivery worm supply: 



66°C 



42 bar 



400 min 



(tp? t-o 10) • 40/41/61/61/61/50/ 47/40/40°C 
Temperature zones: (TC2 to ±u; . «±u/-*j./« / 



25 



Specimen bodies in plate form with dimensions of 90 x 54 x 3 
mm 3 were produced from the granular material obtained in this 
way by means of injection molding. The gate was in the center 
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of the shorter edge faces of the plate. An injection-molding 
machine KM65 produced by Krauss-Maf f ei with a standard screw 
was used. 



The following parameters were used in the injection molding of 

the plates: 

injection rate: 100 mm / s 



Injection time: 
Injection pressure: 



0 . 52 s 



5 00 bar 



130 bar 



10 Holding pressure: 

Holding pressure time: 2 s 

Platen cooling temperature: 24 to 3 0°C 

Feed section temperature: 25 °C 

Temperature zones (1 to 5) : 40/45/50/50/50°C 

15 

The thermal conductivity of the specimen body in the plate 
plane was 4.4 ± 0.2 W/ (m-K) . In the plate plane, the thermal 
conductivity is independent of the orientation (longitudinal 
or transverse) with respect to the injection direction. 
20 Perpendicular to the plate plane, the thermal conductivity was 
1.7 ± 0.1 W/(m-K). The thermal conductivity of the pure phase 
change material Paraffin RT 50 in the solid state without the 
addition of heat-conducting auxiliaries was 0.2 W/ (m-K) in 
accordance with the manufacturer's details. 

25 
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This example shows that even 10% by volume of expanded 
graphite makes it possible to increase the thermal 
conductivity by a factor of 10 to 25, depending on direction, 



com 



pared to the pure phase change material. 



Tab le i - Thermal conductivity of the specimens of Example 1 
and of the Comparative Example to Example 1 



Ratio of 



by 



Sample composition | volume of PCM 

and graphite 



Sodium acetate 
trihydrate/ 
expanded graphite 
product 

Sodium acetate 
trihydrate/ milled 
graphite foil 



Sodium acetate 
trihydrate/ KS6 



Sodium acetate 
trihydrate/ KS15 0 



Sodium acetate 
trihydrate 



90/10 



90/10 



90/10 



90/10 



100/0 



Thermal conductivity 
W/ (m-K) 



Perpendicular 
to direction 
of pressing 



9.1 ± 1 



9.3 ± 1 



1.6 ± 0.2 



2.0 ± 0.2 



0.6 ± 0.1 



Parallel to 
direction of 



pressing 



3.6 ± 1 



5.3 ± 1 



1.9 ± 0.2 



1.6 ± 0.2 



0.6 ± 0.1 
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Table 2 - Melting and solidification temperatures 



Specimen composition 


Peak temperatures in °C 




Heating segment of 
temperature cycle 


Cooling segment of 
temperature cycle 


Sodium acetate 
trihydrate 


57.85 


No peak 


Sodium acetate 
trihydrate/milled 

graphite foil/ 
tetrasodium- diphosphate 

decahydrate 


57.84 


50 . 69 
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